Plasma ideal response to a nhon-axisymmetric boundary perturbation
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1. Motivation and Summary 2. Exact computation of singular currents
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» Main goal of ideal MHD: discovery of stable, magnetically confined plasma configurations [1]. - N\ O l N\
- | | : [Dennis, 2013] » Screw pinch axisymmetric equilibrium with p(r) = 0 and
» 2D MHD equilibrium problem is well posed (Grad-Shafranov equation). : l )
o o - Taylor’s theory : MRxMHD : Ideal MHD f(F) = 1o — 11 (r/@)? + A
. 3D MHD equilibrium problem is still today an outstanding issue. : : o
» Ideal MHD predicts singular currents forming at rational surfaces in 3D equilibria [2]: (& / i \ / i \ / where A+ manifests in the form of a "DC" current sheet
. ) . . . . F traint : | M traint
- A Pfirsch-Schliiter 1/x-current, which arises as a result of finite pressure gradient. — oo
Helicity is conserved globally | Helicity is conserved discretely | Helicity is conserved locally 10k
» A 6(x)-current which is necessary to prevent the formation of islands. i N y i . 32 » Linear response to boundary perturbation £;cos (mé + kz): ’ -
F=W+ﬁ(/A-BdV—Ho):F=Z[WZ= L (Hy — Hy)| W=/( L 2 )av Cal
» Singular currents are critical for the ideal and resistive stability of 3D MHD equilibria [3-5]. 2\ Jy , : =1 : v T ﬂ % _gt=0 (Newcomb’s equation) ' 5.;:'
H : : ar \ dr gL
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- magnetic . Topology: B - n‘av =0 1+ Topology: B - Il|5.vl =0 i Topology: B - V¢ = 0 where f(r) and g(r) depend on the equilibrium. g v " SPEC
J=uB+]j1 B.-Vu=-V-j, Given p, A, Hy - Given py, Ay, Ay, Hio 1 Given p(y), ¢y (¥) - | |
V-i=0,V-B=0 S ; . . » Radial displacement, £(r), gives overlap of surfaces unless 0ok
’ jL=(BxVp)/B l g _ )| |
ixB=Vp Hested = p)/ OF =0 :>{VXB=,LLB} :5F:O:> VXBQ_'WB OW =0 j{jXBZV}?} ‘d§‘<1 | Jit
/surfaces \¢ i \Hp + B“/2]| = ()/ i p (sine qua non condition) 0.0 | . | |
Magnetic coordinates > \/§ B -V =0 + 8¢ )9 [Taylor, 1974] ! [Dewar, Hole, Hudson, 2006] ! [Kruskal, Kulsrud, 1958] 0.0 0.2 0.4 0.6 0.8 1.0
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Fourier decomposition > (tm—n)Umn = (/9 V-] )mn 10 oo 0 o s
. : : r.0.z | dr
U= Uppe "0 o . , - » Analytical expression for |d¢/dr|—. . o 0 .m
mn » Multiregion Relaxed MHD bridges Taylor’s theory with ideal MHD. o |
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Equation type » MRxMHD converges to ideal MHD for N — oo [8]. | o 107 o o e e, R SRR R
rf(x) = h(z) provides a minimum current sheet 5 ° coe - 0o predictin 3 e
r =em—n, h(z) ~p’ Pfirsch-Schliiter current  pDjrac -current » Stepped-pressure & singular currents are possible. , , o000/ — i — e T
: At > Atmin = 2t€s = €4 P o e N
10 1 o0 .’ non-existence 0.001 o9l o E. \o\\ |
» The SPEC code [9] is a numerical implementation of MRxMHD. as the sine qua non condition for the 0 T by o
» A physically valid equilibrium must have finite integrated current densities: existence of equilibria. L '“'"‘:3 T A
10 10 10 10
- 5-current densities are always integrable. _a—— = | o e =6/
| | -V ———————— » Gonfirmed by nonlinear simulations. BOUNDARY PERTURBATION
- 1/x pressure-driven current densities give divergent currents. » SPEC used in slab torus to study singular currents.
. Historical conclusion: 3D equilibria have either fractal [6] or stepped [7] pressure profiles. . First numerical proof of their mutual existence [10]. - | » Conclusions: (1) Bou_ndary pe.rj[ur.batioln penetrates all the way into the centre of a tokamgk, even within ideal MHD.
| : (2) 3D ideal equilibria exist as long as At > Atmin, and may be computed with arbitrary smooth pressure.
» QUESTION: are there 3D MHD equilibria with nested surfaces and smooth pressure profiles? . Exact verification against Hahm-Kulsrud theory [11]. —
- ———— { Raprerays
. ANSWER: we present a new class of 3D MHD equilibria with | S S S 7. References
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